Introduction
Metal-organic frameworks (MOFs), as promising porous materials, have shown great potential in gas storage and separation due to their large surface area and high porosity. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Compared with traditional porous materials, the feasibility of structural tunability is a great advantage of MOFs. Various functional groups can be intentionally introduced into frameworks via either ligand-design or post-synthetic modication to achieve high performance. [12] [13] [14] [15] [16] Practically, both of them show their own pros and cons. Sharp decrease in pore volume generally happens in the functionalization reactions of post-synthetic process, and therefore leads to the declines of gas adsorption capacity. Besides, the completeness of functionalization cannot be easily attained.
17 Pre-design modication shows its advantage in obtaining the totally functionalized MOF. However, due to the chemical/physical activity of some functional groups, it requires a structural-stable prototypical MOF that can resist these groups from interfering the formation of the desired MOF. 18, 19 M-type MOF is a good platform for functionalization towards high performance in gas adsorption, as illustrated by PCN-306 and its analogues, in which the introduction of different functional groups by pre-synthetic method seldom led to a structural change. [20] [21] [22] Based upon this type of MOF, in this contribution, we managed to decorate the channels in PCN-306 by two different polar groups, -NH 2 and -OH (Scheme 1), both of which are regarded to be effective in strengthening CO 2 -framework interactions.
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The functional groups were selected on the basis of two points: (a) similar size, which avoids the inuence of narrow pore effect induced by different pore sizes; (b) different acid-base property makes the comparison of their effect on gas adsorption more specic. amine groups obviously work better than hydroxyl groups. The decoration of amino groups graed HHU-3 high CO 2 adsorption capacity (25.6 wt% at 1 bar and 273 K) and high CO 2 selectivity (S CO 2 /N 2 ¼ 129).
Experimental

Materials and methods
All chemical reagents were obtained from commercial sources and, unless otherwise noted, were used as received without further purication. Elemental analyses (C, H, and N) were performed on a Perkin-Elmer 240 analyzer. The IR spectra were recorded in the 400-4000 cm À1 on a Bruker VERTEX 80V spectrometer using KBr pellets.
1
H NMR spectra were recorded on a Bruker DRX-500 spectrometer with tetramethylsilane as an internal reference. Thermal gravimetric analyses (TGA) were performed under N 2 atmosphere (100 mL min À1 ) with a heating rate of 5 C min À1 using a 2960 SDT thermogravimetric analyzer. Powder X-ray diffraction (PXRD) data were collected on a Bruker D8 ADVANCE X-ray diffractometer with Cu/Ka radiation.
Gas sorption measurements
Low-pressure gas sorption measurements were carried out using a Micromeritics ASAP 2020 surface area and pore size analyzer up to saturated pressure at different temperatures. Before the gas sorption measurement, more than 200 mg assynthesized sample (PCN-306/HHU-3/HHU-4) was washed with DMF and methanol (acetone for PCN-306), respectively. Fresh anhydrous methanol (acetone for PCN-306) was then added, and the sample was allowed to soak for 3 days for solvent-exchange. During this period, methanol (acetone for PCN-306) was refreshed every 8 hours. Aer then, the sample was charged into a sample tube and activated at certain temperature (120 C for PCN-306, 80 C for HHU-3, and 90 C for HHU-4) for 12 hours under vacuum.
X-ray collection and structure determination
Single crystal suitable for X-ray structure determination were selected and sealed in a capillary under a microscope. The X-ray diffraction intensity data were measured on a BRUKER D8 VENTURE PHOTON diffractometer at room temperature using graphite monochromated Mo/Ka radiation (l ¼ 0.71073 A). Data reduction was made with the Bruker Saint program. The structures were solved by direct methods and rened with fullmatrix least squares technique using the SHELXTL package. Non-hydrogen atoms were rened with anisotropic displacement parameters during the nal cycles. Hydrogen atoms were placed in calculated positions with isotropic displacement parameters set to 1.2 Â U eq of the attached atom. The unit cell includes a large region of disordered solvent molecules, which could not be modeled as discrete atomic sites. We employed PLATON/SQUEEZE to calculate the diffraction contribution of the solvent molecules and, thereby, to produce a set of solventfree diffraction intensities; structures were then rened again using the data generated. Crystal data and renement conditions are shown in Table S1 . † The crystal data for HHU-3 and HHU-4 have been deposited in CSD database, and labeled as 1566591 and 1566592, respectively. 
Synthesis and characterization
Cmc2 1 , a ¼ 24.600(2) A, b ¼ 33.412(3) A, c ¼ 18.478(2) A, a ¼ b ¼ g ¼ 90 , V ¼ 15 188(2) A 3 , Z ¼ 4, D c ¼ 0.756 g cm À3 , GOF ¼ 0.898 based on F 2 , nal R 1 ¼ 0.0604,
Results and discussion
Single-crystal X-ray diffraction analysis reveals that HHU-4 crystallizes in orthorhombic space group Cmcm. The asymmetric unit of HHU-4 consists of three crystallographically unique Cu 2+ ions (Cu1, Cu2, and Cu3 with the occupation of 1, 1/4, and 1/4, respectively), one half and a quarter OBDPB-ligand and three coordinated water molecules (Fig. S1 †) . HHU-3 crystallizes in a different orthorhombic space group Cmc2 1 , which has less symmetric elements than Cmcm. Therefore, the asymmetric unit of HHU-3 consists of more moieties, with four crystallographically unique Cu 2+ ions, one and a half ABDPBligand and four coordinated water molecules. Although they are in different space groups due to different torsion angles, the structures of HHU-3 and HHU-4 are isostructural to PCN-306, as shown in Fig. 1 by their PXRD patterns and crystal structures. The structure of both HHU-3 and HHU-4 contains two types of ligands with different dihedral angles between central and terminal benzene rings. As illustrated in Fig. 2 S2 and S3 †). Obviously, due to functionalization, windows along c axis were narrowed from 9 A to 6 A while windows along a axis exhibit no obvious change ( Fig. 1a and b) . By PLATON, the total potential solvent accessible volume of HHU-3 and HHU-4 were calculated to be 70.8% and 69.8%. Therefore, from the perspective of volume occupancy, the introduction of -NH 2 and -OH costs almost the same pore volume. In order to investigate the effect of functional groups, the permanent porosities of HHU-3 and HHU-4 were determined by N 2 adsorption measurements at 77 K. For a clear comparison, we also measured the N 2 adsorption of PCN-306. Before measurements, the solvent-exchanged samples were evacuated at certain temperature for 12 hours, with crystallinity remained aer solvent removal (Fig. S4-S6 †) . BET analysis reveals obvious decreases in surface area of functionalized MOFs. As shown in Fig. 3 , the N 2 uptake amount of PCN-306 at P/P 0 ¼ 1 is 690.3 cm 3 g À1 , which agrees quite well with that reported by Zhou group. 20 Functionalization caused a slight decrease of N 2 uptake amount in HHU-3 and HHU-4, with the value of Both the crystal structures and N 2 adsorption measurements reveal that -NH 2 and -OH have similar size, which help us exclude the pore-size effect on gas adsorption caused by functional groups with different sizes. Therefore, we measured the H 2 adsorption capacities of both HHU-3 and HHU-4, as well as their prototypical MOF, PCN-306. As shown in Fig. 4a , the H 2 adsorption capacities of PCN-306, HHU-3, and HHU-4 at 1 bar and 77 K are 2.61 wt%, 2.46 wt%, and 2.36 wt%, respectively. PCN-306 shows the highest H 2 adsorption capacity at 77 K, which is consistent with its large surface area and pore volume. Aer functionalization, the decline of surface area and pore volume lead to the decrease of H 2 adsorption capacity in HHU-3 and HHU-4. Based upon the isotherms measured at 77 K and 87 K, the H 2 adsorption enthalpies of PCN-306, HHU-3, and HHU-4 were calculated. As shown in Fig. 4b , the zero-coverage H 2 adsorption enthalpies of HHU-3 and HHU-4 are 6.41 kJ mol À1 , 6.60 kJ mol À1 , which are slightly lower than that of PCN-306 (6.65 kJ mol À1 ). Therefore, the introduction of polar functional groups do not benet H 2 adsorption in m-type MOFs, but causes the decrease of surface area and pore volume which closely correlate with hydrogen uptake capacity. Since we deliberately graed polar functional groups in MOF materials, an improvement in CO 2 adsorption was expected. Thus, we measured the CO 2 adsorption of each MOF, as shown in Fig. 4c . Compared with the prototype MOF, PCN-306, the CO 2 adsorption capacity of the amino-functionalized MOF, HHU-3, exhibits an obvious improvement. At 1 bar and 273 K, the CO 2 uptake amount of HHU-3 is 175 cm 3 g À1 (25.6 wt%), which is higher than most of its iso-structural analogues ( 
Conclusions
In summary, based upon a structural-stable m-type MOF, PCN-306, a pre-synthetic approach of functionalization was applied and its amino-and hydroxyl-functionalized analogues were obtained respectively. Due to comparable size of functional groups, HHU-3 and HHU-4 show similar decreases in both BET surface area and pore volume, which cause decline in their capacities for H 2 adsorption. Although both amino and hydroxyl groups are regarded to be effective in strengthen CO 2 interactions with the framework, in this type of MOF, amino group works better than hydroxyl group due to its basic nature favoured by CO 2 molecules. The high CO 2 uptake amount among m-type MOFs and high CO 2 selectivity make HHU-3 one of potential candidates for CO 2 capture.
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